maximum (~ 78%) and minimum transmission (~ 24%) were measured to be 163.7° and 74.5°, respectively, for quad-layer sample. In all samples, the angle at minimum transmission is randomly distributed around 90 ± 15° and the angle at maximum is nearly normal at the accuracy within ± 1°. A shift of the angle from the polarization direction of TE-and TM-modes is expected to be originated from the induced birefringence by the SPF buried into the quartz block with a curvature and the magnetic block to hold the optical fibres. The devices without graphene show nearly angle-independent transmission (black square). There is more significant nonlinear optical transmission change for V G of -0.8 V (7.47 %) and -0.3 V (9.12%) though the absorption could not be fully saturated due to the limit of currently available input power of the source. In case of V G at + 0.2 V, only 1.21% of the nonlinear optical transmission change was observed for a given maximum input power because of the limited input power and increased saturation fluence of the graphene SA.
Supplementary

Supplementary Note. 1: Dielectric constant of graphene depending on Femi-energy
We calculated the dielectric constant of graphene  g () from
where   (= 2.5) is the background dielectric constant of graphene,  0 vacuum permittivity, d (= 0.335 nm) the graphene thickness. The frequency  and Femi-energy E F dependent optical conductivity () is obtained with 
